ABSTRACT: It is a consensus that extreme significant temperature difference and heavy traffic loads were detrimental to asphalt pavement structures. In this paper, to further investigate the mechanic response of asphalt pavement under such adverse conditions in Hami Prefecture and analyze the adaptability of different structures, 4 representative pavement structures were selected and simulated through the finite element method (FEM). It is shown that the disadvantage of heavy duty was possibly inevitable and flexible base structure was inappropriate in this condition. It was also found that semi-rigid course had obvious advantages under heavy duties but increasing the thickness of semirigid course blindly could not help with deformation resistance consistently, in spite of its major role in load-bearing. Compound base course structure was the most recommendatory in this case. Besides, it also suggested that effects of asphalt surface on the resistance to cracks were more effective than that of flexible upper base course, and hence it illustrated that increasing the thickness of asphalt course properly could help with the respite of deformation and crack distresses.
INTRODUCTION
Significant temperature difference and heavy duty have always been adverse factors to asphalt pavement construction or rehabilitation. The development of highway engineering in Hami Prefecture, located in eastern Xinjiang, has been bedevilled with this issue for a long time. Weather in Hami is characterized by the heat in summer and the chill in winter. Due to the economic development, traffic volumes in Hami increased rapidly and it had a large proportion of heavy duties. In this case, distresses of both deformation and low temperature cracks occurred very often. According to the investigation of Turpan-UrumqiDahuangshan Highway and some sections of G30, rutting was very serious and the maximum depth in Changji Section was up to 25mm; besides, alligatorcracks in Narat Section of G218 developed quite frequently. Hence it is an urgent obligation to make clear the most adaptable pavement structures to guide the construction and rehabilitation of asphalt pavement in this area.
At present, abundant studies worked on asphalt pavement under heavy duty circumstances domestically and overseas [1] [2] and some special pavement structures and materials have been presented and used [3] . Most of these studies were related high temperature [4] with heavy duties to make clear the pavement performance under the most adverse conditions. However, the combined effects of significant temperature difference and heavy duties in Hami could not be treated like that, due to the performance of high temperature and low temperature were contradicted. This niche still needs to be filled. Therefore, in this paper pavement structures were simulated and analyzed under the coupled fields of significant temperature difference and heavy duties through FEM, to guide the construction and rehabilitation of asphalt pavement in this area in the future.
REPRESENTATIVE DATE AND STRUCTURE

Representative Date
In this paper, Jan 21 st and July 16 th , 2016 were picked as the representative date for the following simulation and analysis, since 2 dates were the most adverse ones in winter and summer respectively. Temperatures are shown in FIG. 1 . In this case, the temperature difference in a year could be up to 57℃. 
Representative Structure
In this paper, 4 structures were selected and shown in Table 1 . STR-1 and STR-2 were commonly used in Xinjiang. STR-3 and STR-4 were comparative structures. 
METHODOLOGY
Thermal Boundary Condition
Heat transfer in pavement structure is primarily due to radiation, conduction and convection, whose process is shown in FIG. 2 . 
Heat exchange coefficient
In Engineering, heat exchange in pavement structure would be expressed by heat exchange coefficient B:
was the heat exchange coefficient due to radiation(W m 
Subgrade temperature
With the increase of subgrade depth, the environmental influence decreased gradually. Hence, in this paper the temperature below 1.5m in subgrade was set as constant value, 20℃ in summer and -8℃ in winter [8] .
Traffic Loads
The standard traffic load was 0.7MPa and shown in FIG. 3 (a). When trucks were overloaded, the radius and pressure would change at the same time, shown in FIG. 3(b) . Hence, traffic loads, pressure and load areas are listed in Table  2 [6] . 
Material Parameters
Influences of temperature on specific heat and thermal conductivity were quite small and thus it was neglected in this paper. Due to the small amount of precipitation in Hami, also the influence of water was neglected. Hence, thermophysical and mechanical parameters are listed in Table 3 . 
RESULTS AND ANALYSIS ON COUPLING FIELDS
In this paper, deflection on pavement surface and compressive strain on the top of subgrade were selected to evaluate the permanent deformation; and tensile stress at the bottom of semi-rigid base course was selected to control reflection cracks.
Deflection on Pavement Surface
The coupling effects of temperature at 2pm on July 16 th , 2016 and heavy duties were applied on the 4 structures and the simulation results of deflection on pavement surface are shown in FIG. 5. Among 4 structures, STR-1 and STR-2 are semi-rigid base structure, STR-3 is flexible base structure and STR-4 is compound base structure. From FIG. 5 , it could be found that heavy duty had profound influence on pavement deformation and deflections of 4 structures would increase with the increase of the traffic duty. It suggests that the disadvantage of heavy duties was possibly inevitable and changing pavement structures to more adaptable ones would be an effective and suitable method to relieve deformation distress.
Among 4 structures, it could be easily found from FIG. 5 that the deflection on pavement surface in STR-3 was always higher than others no matter under which traffic duty. Besides, its increasing rate was also much higher in STR-3. For example, when the traffic duty increased from 140kN to 160kN, the deflection of STR-1 and STR-4 increased 14.1%, that of STR-2 increased 14.2%, and that of STR-3 increased 14.5%. Hence, it may suggest that flexible base structure was inappropriate for the heavy traffic duty in Hami.
Considering deflections, the order of the adaptability of 4 structures was:
STR-4＞STR-2＞STR-1＞STR-3. From FIG. 6, it could be found that the compressive strain on the top of subgrade in STR-3 was the highest and thus it also illustrated that STR-3 was the most inappropriate under this condition. Besides, the order of compressive strain in the 4 structures was: STR-3＞STR-1＞STR-2＞STR-4. Since STR-2 and STR-4 had advantages over STR-1 and STR-3, they would be compared in the following. From FIG. 6 , it could be found that the compressive strain in STR-2 was larger than that in STR-4 under 5 traffic duties. This may result from their different base courses, since they had the same asphalt surface course. Hence, it probably suggests that increasing the thickness of semi-rigid course blindly could not help with deformation resistance under heavy duties constantly, in spite of its major role in load-bearing in pavement structure. In this case, the compound base course was more suitable to the heavy traffic in Hami and considering the compressive strain on the top of subgrade, the order of the adaptability was: STR-4＞STR-2＞STR-1＞STR-3.
Compressive Strain on the Top of Subgrade
Tensile Stress at the Bottom of Semi-rigid Base Course
Finally, coupling effects of temperature at 5 pm on Jan 21 st , 2016 and different traffic duties were applied on the 4 structures, to make clear their resistance to cracks. Tensile stress at the bottom of semi-rigid base course were extracted and are shown in FIG. 7 , due to their importance of reflection-crack resistance. On the threshold, STR-1 was contrasted with STR-2, since they were both semi-rigid base structures and it could be found that the tensile stress in STR-1 was smaller than that in STR-2 under 5 traffic conditions. Therefore, it could be deduced that increasing the thickness of asphalt layer could effectively decrease the tensile stress at the bottom of semi-rigid base course. Besides, the variation of tensile stress in STR-2 was the most obvious and this was probably because of its relatively thinner asphalt layer. Moreover, as for STR-4, its tensile stress at the bottom of semi-rigid base course was lower than that in STR-2, in spite of its thin asphalt surface layer, which was the same as STR-2. Perhaps the primary reason for this would be the flexible upper base course in STR-4. However, tensile stress in STR-4 was still higher than that in STR-1. It possibly suggested that effects of asphalt surface on the resistance to cracks were more effective than that of flexible upper base course. Thus, considering the ability to crack resistance the order of adaptability would be: STR-1＞STR-4＞STR-2.
CONCLUSION
To further investigate the mechanic response and analyze the adaptability of different structures under the coupling effects of significant temperature difference and heavy duties in Hami, 4 pavement structures were selected, simulated and analyzed. It could be found that:
(1) the disadvantage of heavy duty was possibly inevitable and flexible base pavement structure was inappropriate under heavy traffic duties in Hami; considering deflections on the pavement surface, compressive strains on the top of subgrade and tensile stresses at the bottom of semi-rigid base course, the order of the adaptability was: STR-4＞STR-1＞STR-2＞STR-3;
(2) increasing the thickness of semi-rigid course blindly could not help with deformation resistance under heavy duties consistently and the compound base course was more suitable to the heavy traffic in Hami; (3) increasing the thickness of asphalt layer, both surface course and upper base course, could effectively decrease the tensile stress at the bottom of semirigid base course; however, effects of asphalt surface on crack resistance were more effective than that of upper base course; (4) STR-4 and compound base structure was recommended for the situation in Hami Prefecture.
